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Abstract 

Us ing  e i g h t  m a g n e t i c  s t a t i o n s  i n  l o w  l a t i t u d e s ,  h o u r l y  v a l u e s  

of D s t  are d e t e r m i n e d  f o r  t h e  IGY. T h r e e - h o u r l y  m e a n  D s t  v a l u e s  

are compared w i t h  c o r r e e p o n d l n g  v a l u e s  b a s e d  on K e r t z ' s  Dst i n d i c e s .  

T h r e e - h o u r l y  mean Det i e  a l s o  compared w i t h  

t h a t  Dot  correlates well w i t h  2 i n  gross f e a t u r e s  and t h a t  d u r i n g  

i n d i c e s .  I t  i s  found  

magnet ic  rtorme a c t i v i t y  r e p r c r e n t e d  by recovers more r a p i d l y  

then  Dot .  
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1. I n t r o d u c t i o n  

Among t r a n s i e n t  v a r i a t i o n s  of  t h e  e a r t h ' s  m a g n e t i c  f i e l d  t h e  most 

o u t s t a n d i n g  i n  b o t h  magn i tude  and d u r a t i o n  t h o s e  of  m a g n e t i c  s t o r m s .  

Though t h e i r  form and s e v e r i t y  va ry  c o n s i d e r a b l y  f rom o n e  e v e n t  to  a n o t h e r ,  

t h e  m a j o r i t y  of m a g n e t i c  storms have c e r t a i n  common c h a r a c t e r i s t i c s .  

One o f  t h e  c h a r a c t e r i s t i c s  i s  t h e  d e c r e a s e  of  t h e  h o r i z o n t a l  f o r c e ,  

H, a l l  o v e r  t h e  wor ld  i n  t h e  e q u a t o r i a l  and modera t e  l a t i t u d e s .  T h i s  

d e c r e a s e  i s  v e r y  n e a r l y  a x i a l l y  symmetric and d o e s  n o t  depend on l o n g i t u d e  

or  local time. 

Super imposed  on t h e  g e n e r a l  d e c r e a s e  i n  H t h e r e  are v a r i a t i o n s  i n  a l l  

t h r e e  components  t h a t  depend on  l o c a l  t i m e ;  t h e s e  v a r i a t i o n s  are of l a r g e  

a m p l i t u d e  i n  t h e  p o l a r  r e g i o n s .  
L 

It  is t h u s  c o n v e n i e n t  t o  a n a l y z e  t h e  storm v a r i a t i o n  D i n t o  t w o  p a r t s ,  

D s t  and DS. Given an  I n s t a n t  of time D s t  is t h e  a v e r a g e  of D o v e r  a l l  

l o n g i t u d e s .  D's'is d e f i n e d  by D - D s t .  The t w o  v a r i a t i o n s  D s t  and DS 

may be o b t a i n e d  f o r  a s p e c i f i e d  l a t i t u d e ,  o r  f o r  a be l t  o f a n i t e  w i d t h  

c e n t e r e d  at  some l a t i t u d e .  These  d e f i n i t i o n s  a p p l y  t o  a l l  t h r e e  m a g n e t i c  

component  8 .  

For a w e l l - d e f i n e d  storm Dst and DS c a n  be d e t e r m i n e d  as f u n c t i o n s  of 

storm t i m e  t h a t  i s  measured  from t h e  o n s e t  o f  t h e  storm. 

S t a t i s t i c a l  a n a l y s e s  o f  magne t i c  storm v a r i a t i o n s  have  been  made 
4 

e s s e n t i a l l y  i n  t h e  manner d e s c r i b e d  above  by Moos ( 1 9 1 0 ) ,  Chapman ( 1 9 1 8 ,  

1 9 2 7 ,  1935, 19521,  V e s t i n e  e t  al .  ( 1 9 4 7 1 ,  Yokouchi ( 1 9 5 7 ,  19581, S u g i u r a  and 

Chapman (1960) and others. 
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However, t h e  d e t e r m i n a t i o n  of D s t  need n o t  be l i m i t e d  t o  t i m e s  of 

. . .  
. C  

I 

" 

m a g n e t i c  s t o r m s ,  b u t  c a n  be  ex tended  t o  p e r i o d s  of l ess  magnetic a c t i v i ' t y  

o r  even  t o  m a g n e t i c a l l y  q u i e t  t imes .  I n  f a c t ,  D s t  may be d e t e r m i n e d  

c o n t i n u o u s l y  as a f u n c t i o n  o f  u n i v e r s a l  time r e g a r d l e s s  of  o c c u r r e n c e  of 

m a g n e t i c  s t o r m s .  D s t  so de te rmined  s h o u l d  p r o v i d e  a measure  o f  magne t i c  

ac t i v i  t y  . 
V e s t i n e  e t  a l .  (1947)  have  p u b l i s h e d  such  c o n t i n u o u s  D s t ;  t h e y  gave  

h o u r l y  D s t  c u r v e s  f o r  t h e  Second P o l a r  Year, September  1932 t o  August 1933 

( C a r n e g i e  I n s t i t u t i o n  o f  Washington P u b l i c a t i o n  580 pp .230-231) .  The 

h o u r l y  D s t  v a l u e s  were o b t a i n e d  by a v e r a g i n g  h o u r l y  d e p a r t u r e s  from t h e  

a n n u a l  mean f o r  San J u a n ,  A l i b a g  and Hono lu lu ,  a l l  i n  l o w  geomagnet ic  

l a t i t u d e  and spaced  a p p r o x i m a t e l y  e v e n l y  i n  l o n g i t u d e .  
. L  

More r e c e n t l y  D r .  Akasofu and P r o f e s s o r  Chapman d e t e r m i n e d  D s t  f o r  

several magne t i c  s t o r m s  ( c . f . ,  Akasofu and Chapman, 19611,  and t h e i r  Dst 

c u r v e s  have  been e x t e n s i v e l y  used  by o t h e r  w o r k e r s . .  Such D s t  d a t a  are 

now in great  demand by t h o s e  who c o n c e r n  t h e m s e l v e s  w i t h  solar cosmic  

r a y s  ,' solar p la sma ,  e a r t h ' s  r a d i a t i o n  b e l t s  and o t h e r  r e l a t e d  g e o p h y s i c a l  

phenomena. 

P r o f e s s o r  Chapman, D r .  Akasofu and t h e  p r e s e n t  a u t h o r  i n i t i a t e d  

d e t e r m i n a t i o n  o f  h o u r l y  D s t  values f o r  t h e  ICY w i t h  a hope t h a t  such  

d a t a  w i l l  be  p u b l i s h e d  on a r o u t i n e  b a s i s  i n  t h e  f u t u r e .  The work was 

c a r r i e d  o u t  w i t h  a s s i s t a n c e  from D r .  J .  C .  C a i n  o f  NASA and M r .  E. J .  

C h e r n o s k y  of A i r  F o r c e  Cambridge Resea rch  L a b o r a t o r i e s .  

D r .  Kertz h a s  d e r i v e d  t h r e c - h o u r l y  i n d e x  f o r  D s t  f o r  t h e  ICY by a 

c 

method d i f f e r e n t  f rom t h e  o n e  adop ted  h e r e .  In S e c t i o n  5 ,  t h r e e - h o u r l y  

I 
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D s t  v a l u e s  o b t a i n e d  by o u r  method are compared w i t h  t h e  c o r r e s p o n d i n g  
I -  

- 
c 

e- 

v a l u e s  b a s e d  on D r .  Kertz 's  i n d i c e s .  

?. Magnet ic  S t a t i o n s  Used 

The s e l e c t i o n  of m a g n e t i c  s t a t i o n s  was made w i t h  t h e  f o l l o w i n g  

c o n s i d e r a t i o n e .  (1 )  S t a t i o n s  i n  low l a t i t u d e s  s h o u l d  be u s e d  to  

e l i m i n a t e  as much as p o s s i b l e  d i s t u r b a n c e s  o r i g i n a t i n g  i n  t h e  a u r o r a l  

zones .  ( 2 )  S t a t i o n s  n e a r  t h e  m a g n e t i c  e q u a t o r  s h o u l d  be a v o i d e d ,  

b e c a u s e  t h e  e q u a t o r i a l  e l e c t r o j e t  may i n t r o d u c e  u n d e s i r e d  v a r i a t i o n s ;  

also m a g n e t i c  storm var ia t ions  are  i r r e g u l a r  and  o f t e n  augmented a t  t h e  

m a g n e t i c  e q u a t o r .  

TABLE 1 

Magne t i c  s t a t i o n s  u s e d  - i n  t h e  o r d e r  of i n c r e a s i n g  
g e o g r a p h i c  eas t  long1  t u d e .  

Geomagnetic I Geographic  

l a t i  t u d e  l o n g i t u d e  ( E) l a t i  t u d e  l o n g i t u d e  ( E)  

Hermanue s 33?3 80?3 S 34' 2 5 '  19O 13' 

Allbag N 995 143?7 

Kaki o k a  N 2690 20600 

Apia  S 16?0 26092 

Hono lu lu  N 2190 266?4 

San J u a n  N 29?9 392 

P i l a r  S 20?3 496 

M b u r  N 2lP2 55?1 

N 18O 38' 72O 5 3 '  

N 36O 1 4 e  140" 11 

S 1 3 O  48' i88" 14 '  + 

N 21° 18' 201O 51' 

N 1 8 O  2 3 '  293O 53' 

S 31° 40' 296O 0 7 '  

N 1 4 O  2 4 '  343' 03' 

I 
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( 3 )  S t a t i o n s  s h o u l d  be  d i s t r i b u t e d  o v e r  l o n g i t u d e  as u n i f o r m l y  as 
! -  

. 
c 

! 

I 

p o s s i b l e .  ( 4 )  R e l i a b l e  h o u r l y  H v a l u e s  are a l r e a d y  a v a i l a b l e .  

The m a g n e t i c  s t a t i o n s  used are l i s t e d  i n  T a b l e  1 i n  t h e  o r d e r  of  

g e o g r a p h i c  l o n g i t u d e .  Of t h e  e i g h t  s t a t i o n s ,  f i v e  are i n  t h e  n o r t h e r n  

and t h r e e  i n  t h e  s o u t h e r n  hemisphe re .  The geomagne t i c  l a t i t u d e s  o f  t h e  

s t a t i o n s  r a n g e  f rom 9?5. 

3. Method o f  d e r i v a t i o n  of Dst 

to  33?3. 

F o r  s t a t i o n  i, t h e  obse rved  m a g n e t i c  f i e l d  H( ' )  a t  u n i v e r s a l  time t 

may be c o n s i d e r e d  as t h e  sum of t h e  permanent  f i e l d  H ( 

secular v a r i a t i o n ) ,  solar d a i l y  v a r i a t i o n  Sq") ,  l u n a r  d a i l y  v a r i a t i o n  

L(') and  d i s t u r b a n c e  D");  1 . e .  

( i n c l u d i n g  
0 

( i )  
H ( ' ) ( t )  = H o ( i ) ( t )  + S q ( i ) ( t )  + L ( i ) ( t )  + D ( t )  ( 1 )  

Let t h e  mean o f  H ( ' ) ( t )  over t h e  18 months  from J u l y  1957 t o  

(1) 
December 1958 be d e n o t e d  by HO0 

a p p r o x i m a t i o n  for  H (" ( t ) .  0 

be PI+, ( t ) ;  l . c . ,  

, and l e t  t h i s  mean be a zero o r d e r  

(i) 
L e t  t h e  d e v i a t l o n  of H o ( i ) ( t )  f rom HO0 

(1) 

We d e n o t e  t h e  d e v i a t i o n  o f  o b s e r v e d  H ( i ) ( t )  f rom HO0 (1) by H ( i ) ( t ) ;  

i . e . ,  I 

I 
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For h o u r  t we t a k e  the .mean  of D H ( i ) (  t )  o v e r  t h e  s t a t i o n s :  

c 

where  t h e  u p p e r  bar i n  e a c h  term s i g n i f i e s  t h e  a v e r a g e  o v e r  t h e  s t a t i o n s .  

S i n c e  t h e  l u n a r  v a r i a t i o n  L i s  small,, w e  assume t h a t  t h e  a v e r a g e  

of L is n e g l i g i b l e ,  and i g n o r e  a l t o g e t h e r .  Then w e  have  

A H ( t )  = prH ( t )  + S q ( t )  + D ( t )  ( 6 )  L-0 

For s t a t i o n  L f o r  month M ( w h e r e  M = 1 ,  2 ,  ...... 18  f o r  t h e  18 

m o n t h s ) ,  w e  t a k e  t h e  mean d a i l y  v a r i a t i o n  of t h e  f i v e  i n t e r n a t i o n a l  

q u i e t  d a y s  from Greenwich midn igh t  t o  Greenwich m i d n i g h t ,  and s u b t r a c t  

from e a c h  of t h e  2 5  h o u r l y  mean v a l u e s  t h e  l i n e a r  change  o b t a i n e d  by 

l i n e a r l y  c o n n e c t i n g  t h e  t w o  midn igh t  v a l u e s .  T h i s  l i n e a r  change  i s  

assumed t o  r e p r e s e n t  t h e  n o n - c y c l i c  change  t h a t  s h o u l d  be s u b t r a c t e d  

from Sq. 

i n s t e a d  of i t s  d a i l y  mean level.  

It s h o u l d  be n o t e d  t h a t  SQ i s  measured  f rom m i d n i g h t  l e v e l  

The Sq v a r i a t i o r s s o  o b t a i n e d  were a v e r a g e d  o v e r  t h e  s t a t i o n s .  

One would hope  t h i s  mean SQ to  be n e a r l y  z e r o ,  o r  a t  least  v e r y  small. 

B u t  o u r  r e s u l t s  showed t h a t  Sq was n o t  c o m l e t e i y  a v e r a g e d  o u t ,  and t h a t  

a 
. t h e  mean Sq had  r a n g e s  of 8 to  19 gammas, a n o t  q u i t e  n e g l i g i b l e  amount .  

The form of t h e  r e s i d u a l  Sq v a r i e d  s y s t L m a t i c a l l y  w i t h  s e a s o n .  

To r e p r e s e n t  Sq by a smoothly v a r y i n g  f u n c t i o n  t h r o u g h o u t  t h e  whole 

p e r i o d  t h e  mean Sq was expanded i n  a d o u b l e  F o u r i e r  series w i t h  month 

number M and Greenwich time T as two variables. 
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h h 

C o e f f i c i e n t s  up t o  n = m = 6 were d e t e r m i n e d .  

F o r  e a c h  day  mean Sq was s y n t h e s i z e d  w i t h  t h i s  series. I n  

c o m p u t a t i o n  B month number w i t h  o n e  d e c i m a l  was a s s i g n e d  to  e a c h  

The s y n t h e s i z e d  mean Sq  was assumed t o  r e p r e s e n t  S q  ( t )  

and was removed f rom A H( t )  , 

i n  ( 6  

t h e  

day .  

9 

We are t h u s  l e f t  w i t h  A H o ( t )  + D ( t ) .  When t h i s  q u a n t i t y  

as p l o t t e d  for t h e  e n t i r e  IGY, p o i n t s  remained  n e a r  a f i x e d  l e v e l  7 
d u r i n g  q u i e t  p e r i o d s  and d i d  n o t  show any s y s t e m a t i c  d r i f t  a l l  t h r o u g h  

t h e  IGY. T h i s  was t a k e n  to  mean t h a t  t h e  s e c u l a r  v a r i a t i o n s  were v e r y  

n e a r l y  a v e r a g e d  o u t .  T h e r e f o r e ,  A H ( t )  was assumed t o  be a c o n s t a n t .  
0 

T h i s  c o n s t a n t  d e t e r m i n e s  t h e  z e r o  l e v e l  f o r  D s t .  

I n  d e t e r m i n i n g  t h e  v a l u e  o f  t h i s  c o n s t a n t  i t  i s  i m p o r t a n t  t o  

e x c l u d e ,  as much as p o s s i b l e ,  d a y s  t h a t  are i n  t h e  r e c o v e r y  p h a s e  of  

m a g n e t i c  storms; i n c l u s i o n  o f  such  d a y s  w i l l  lower t h e  z e r o  l e v e l  of D s t .  

A l l  t h e  q u i e t  p e r i o d s  i n  which t w o  o r  more s u c c e s s i v e  d a y s  had a~- 

n o t  e x c e e d i n g  7 were s e l e c t e d ,  and t h e  q u a n t i t y  A H ( t )  - Sq ( t )  

( = A H  + D ( t )  was a v e r a g e d  o v e r  a l l  t h e s e  s e l e c t e d  q u i e t  d a y s .  
0 

0' T h i s  a v e r a g e ,  which was 31 gamma,?was t a k e n  to be t h e  c o n s t a n t  AH 

Removing t h i s  constant  from a l l  t h e  h o u r l y  v a l u e s ,  we o b t a i n  D ( t )  . * 

T h i s  a v e r a g e  d i s t u r b a n c e  v a r i a t i o n  is t h e  sum of D s t ( t )  and t h e  a v e r a g e  

D S ( t ) .  S i n c e  t h e  s e l e c t e d  e i g h t  s t a t i o n s  are a l l  i n  low l a t i t u d e s  and 

are d i s t r i b u t e d  a p p r o x i m a t e l y  u n i f o r m l y  o v e r  l o n g i t u d e s ,  DS( t )  i s  assumed 

. to be n e g l i g i b l e ,  and we t a k e  D ( t )  t o  r e p r e s e n t  D s t ( t 1 .  
- 



- I -  

Summariz ing ,  D s t  i s  de te rmined  by 

D s t ( t )  = - H ( t )  - HO0 - S q ( t )  - AHO 

i 

i 
! 

' .  

! 

( 7 )  

Here, t h e  f i r s t  term i s  t h e  a v e r a g e  o v e r  t h e  s t a t i o n s  of t h e  h o u r l y  

H v a l u e  measured  from t A e  mean H f o r  t h e  IGY, t h e  second term r e p r e s e n t s  

t h e  mean S q ,  and t h e  t h i r d  term is t h e  mean D s t  f o r  t h e  qujet p e r i o d s .  

S i n c e  D s t  v a r i e s  w i t h  l a t i t u d e ,  i t  i s  d e s i r a b l e  t o  n o r m a l i z e  

t o  t h e  v a r i a t i o n  a p p r o p r i a t e  t o  t h e  e q u a t o r .  Assuming t h a t  t h e  D s t  

f i e l d  i s  un i fo rm and p a r a l l e l  t o  t h e  geomagnet ic  a x i s ,  w e  m u l t i p l y  t h e  

h o u r l y  D s t  v a l u e s  o b t a i n e d  i n  t h e  m a n n e r  d e s c r i b e d  above  by sec 8 , 

where  8 i s  t h e  mean geomagnet ic  l a t i t u d e  o f  t h e  e i g h t  s t a t i o n s .  I n  

o u r  case 0 i s  22' and t h e  n o r m a l i z a t i o n  f a c t o r  i s  1.08. 

m 

m 

m 
We w i l l  c a l l  t h e  v a l u e s  no rma l i zed  t o  t h e  m a g n e t i c  e q u a t o r  t h e  

e q u a t o r i a l  D s t  v a l u e s .  

4. T a b u l a t i o n s  and Graphs  o f  D s t  

Hour ly  e q u a t o r i a l  D s t  v a l u e s  d e t e r m i n e d  by che method d e s c r i b e d  

i n  t h e  p r e c e d i n g  s e c t i o n  are t a b u l a t e d  i n  T a b l e  2 .  I n  t h e  t a b u l a t i o n s ,  

h o u r l y  v a l u e s  are g i v e n  i n  u n i t s  of gamma. 

The same e q u a t o r i a l  h o u r l y  D s t  v a l u e s  a r d  g r a p h i c a l l y  shown i n  

F i g u r e  1. L i k e  D r .  Bar te l ' s  Kp d iagram each  l i n e  r e p r e s e n t s  one solar 

r o t a t i o n  o f  27  d a y s .  

To compare o u r  D s t  w i t h  t h e  t h r e e - h o u r l y  i n d e x  a, t h e  h o u r l y  e q u a t o r i a l  ~ 

D s t  v a l u e s  were a v e r a g e d  o v e r  each o f  t h e  same t h r e e - h o u r l y  i n t e r v a l s  as  

f o r  2, and t h e  t h r e e - h o u r l y  Dst v a l u e s  so o b t a i n e d  are p l o t t e d  t o g e t h e r  

w i t h  9 i n  Figure 2. 

a~ l n d i c e e  are p l o t t e d  with n e g a t i v e  s i g n .  

B i n c e  Dst i s  n e g a t i v e  d u r i n g  d i s t u r b e d  p e r i o d s ,  t h e  
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Compar ison  of D s t  w i t h  is made i n  S e c t i o n  7. 

5 .  Compar ison  w i t h  Kertz 's  D s t  I n d i c e s  

D r .  Kertz h a s  d e t e r m i n e d  Dst i n d i c e s  by a d i f f e r e n t  method ( s e e  h i s  

a r t i c l e ,  pp. i n  t h i s  volume).  

To compare  h i s  r e s u l t s  w i t h  o u r s ,  D r .  Ke r t z ' s  i n d i c e s  were c o n v e r t e d  

t o  t h r e e - h o u r l y  v a l u e s  i n  gammas. T h l s  c o n v e r s i o n  was made by m u l t i -  

p l y i n g  h i s  i n d i c e s  by -3.  

I n  F i g u r e  3, o u r  t h r e e - h o u r l y  D s t  (marked  A 1 and Dr. K e r t z ' s  D s t  

(marked  B 1 are p l o t t e d  p a r a l l e l  t o  e a c h  o t h e r .  

S i n c e  D r .  Kertz t o o k  weighted  o v e r l a p p i n g  means of t h r e e - h o u r l y  

i n t e r v a l s ,  t h e  c u r v e s  r e p r e s e n t i n g  h i s  D s t  v a l u e s  are on t h e  whole smoother  

t h a n  o u r s .  

T h e r e  a p p e a r s  to  be a dkurnal component n o t  a v e r a g e d  o u t  i n  Dr. 

Kertz ' s  D s t .  Examples  a r e :  September  10 t o  2 0 ,  2 4  t o  2 8 ,  1957;  May 

22 t o  2 4 ,  1958;  O c t o b e r  14  to 1 7 ,  19 t o  2 1 ,  1958;  November 15 t o  22:  !958. 

These d i u r n a l  components  are p robab ly  due  t o  DS n o t  b e i n g  s v e r a g e d  o u t .  

The method w e  u s e d  d o e s  no t  i n v o l v e  any  smoo th ing  p r o c e s s .  Hence 

o u r  h o u r l y  D s t  p l o t s  i n  F i g u r e  1 show v a r i ' a t i o n s  i n  greater d e t a i l  t h a n  

t h e  p l o t s  i n  F i g u r e  3 based  on Dr. K e r t z ' s  r e s u l t s .  F o r  i n s t a n c e  i n  

F i g u r e  1 a n  i n c r e a s e  i n  H i n  t h e  i n i t i a l  p h a s e  c a n  be s e e n  i n  many of 

t h e  storms. 

6. D i s c u s s i o n s  

I t  is g e n e r a l l y  t h o u g h t  t h a t  t h e  D s t  f i e l d  d u r i n g  a m a g n e t i c  s to rm 

i s  d u e  t o  a r i n g  c u r r e n t .  Accord ing  t o  Chapman (1952)  such  a r i n g  c u r r e n t  

was f i rs t  s u g g e s t e d  by S t & a e r  i n  1911, though S t a r m e r ' s  c u r r e n t  r i n g  was 
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n o t  a c o m p l e t e  r i n g ,  b u t  a stream of  e l e c t r o n s  d e f l e c t e d  round t h e  e a r t h  

o n  t h e  a f t e r n o o n  s i d e .  

made i n  1924 on an  e l e c t r i c a l l y  n e u t r a l  r i n g  c u r r e n t .  

/ 
Chapman f u r t h e r  r e f e r s  t o  A .  S c h m i d t ' s  s t u d y  

Chapman and  F e r r a r o  ( 1 9 3 3 ,  1941) i n v e s t i g a t e d  a mechanism o f  form- 

a t i o n  of a r i n g  c u r r e n t ,  i t s  e q u i l i b r i u m ,  s t a b i l i t y  and decay .  

S i n g e r  (1957)  p r o p o s e d  f o r  t h e  main p h a s e  d e c r e a s e  o f  t h e  m a g n e t i c  

f i e l d  d u r i n g  a m a g n e t i c  storm a mechanis rn , in  which c h a r g e d  p a r t i c l e s  

t r a p p e d  i n  t h e  e a r t h ' s  m a g n e t i c  f i e l d  d r i f t  l o n g i t u d i n a l l y ,  t h e r e b y  

c o n s t i t u t i n g  n e t  wes tward  c u r r e n t .  

& 

With s t i m u l u s  f rom t h e  d i s c o v e r y  of t h e  t r a p p e d  r a d i a t i o n  b e l t s  

t h e  problem drew renewed i n t e r e s t  i n  t h e  r e c e n t  y e a r s .  Thus  Dessler 

and  P a r k e r  ( 1 9 5 9 )  gave a hydromagnet ic  i n t e r p r e t a t i o n  o f  t h e  e f f e c t  o f  

a r i n g  c u r r e n t  c o n s i s t i n g  o f  t r a p p e d  p a r t i c l e s .  The m a g n e t i c  f i e l d  o f  

a model  r i n g  c u r r e n t  h a s  been computed by Akasofu and Chapman i 1 9 6 1 1 ,  

and  Akasofu ,  C a i n  and Chapman ( 1961 1 . 
A8 t o  d i r ec t  m a g n e t i c  o b s e r v a t i o n  o f  a r i n g  c u r r e n t  by s a t e l l i t e  

or  s p a c e  p r o b e  t h e r e  h a s  been  no d e f i n i t i v e  d e t e r m i n a t i o n  o f  t h e  

p o s i t i o n  of a r i n g  c u r r e n t .  However, Vanguard 3 m a g n e t i c  measurements  

d e f i n i t e l y  i n d i c a t e  that  t h e  r ing c u r r e n t  must  be above B few t housand  

k i l o m e t e r s  f rom t h e  ear th 's  s u r f a c e .  ( C a i n  e t  a l . ,  1 9 6 2 ) .  

We b e l i e v e  t h a t  t h e  D s t  f i e l d  i s  e s s e n t i a l l y  d u e  to t r i n g  c u r r e n t ,  

and  h e n c e  t h a t  o u r  h o u r l y  D s t  v a l u e s  r e p r e s e n t  t h e  m a g n e t i c  f i e l d  

v a r i a t i o n s  o f  t h e  r i n g  c u r r e n t .  

b e g i n n i n g  of m a g n e t i c  storms are d u e  t o  t h e  c u r r e n t s  OR t h e  i n t e r f a c e  

be tween  t h e  magne tosphe re  and solar p la sma ,  b u t  t h e s e  are small compared 

The p o s i t i v e  v a r i a t i o n s  i n  D s t  i n  t h e  

w i t h  t h e  r i n g  current  e f f e c t .  
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The h o u r l y  D s t  p l o t s  as shown i n  F i g u r e  1 d e m o n s t r a t e  t h e  

deve lopmen t  and  d e c a y  of  a magnet ic  storm r i n g  c u r r e n t  v e r y  c l e a r l y .  

Even when t h e r e  i s  no w e l l - d e f i n e d  m a g n e t i c  storm t h e r e  o f t e n  a p p e a r s  

t o  be weak r i n g  c u r r e n t  a c t i v i t y  l a s t i n g  c o n t i n u o u s l y  f o r  a c o n s i d e r a b l e  

l e n g t h  of time. Some o f  t h e s e  v a r i a t i o n s  may be d u e  t o  p o l a r  d i s t u r b -  

a n c e s  n o t  c o m p l e t e l y  e l i m i n a t e d .  

The m a g n e t i c  f i e l d  o b s e r v e d  on t h e  e a r t h ' s  s u r f a c e  i s  modu la t ed  by 

t h e . s t r e n g t h  o f  solar wind. Such an  e f f e c t  may be i n c l u d e d  i n  t h e  D s t  

v e r i  a t i  on s . 
7. Comparison o f  D s t  w i t h  ap I n d i c e s  

F i g u r e  2 g i v e s  a g r a p h i c a l  compar i son  o f  t h r e e - h o u r l y  mean D s t  

w i t h  t h r e e - h o u r l y  m a g n e t i c  i n d i c e s  2. The l a t t e r  i n d i c e s  are  a v e r a g e s  

o f  t h r e e - h o u r l y  r a n g e s  f o r  twe lve  s t a t i o n s  l y i n g  between 48' and 6 3 O  

geomagne t i c  l a t i t u d e .  The t h r e e - h o u r l y  D s t  v a l u e s  p r e s e n t e d  h e r e  are 

b a s e d  on h o u r l y  v a l u e s  o f  H f o r  e i g h t  s t a t i o n s  between 9Oand 34O geo-  

magne 4c l a t i t u d e .  

L- 

7 
The D s t  f i e l d  i s  d u e  t o  t h e  e l e c t r i c  c u r r e n t s  f l o w i n g  a t  g r e a t  

d i s t a n c e s  f rom t h e  e a r t h ,  whereas  t h e  c u r r e n t s  r e s p o n s i b l e  f o r  t h e  m a g n e t i c  

d i s t u r b a n c e  r e p r e s e n t e d  by f low i n  t h e  i o n o s p h e r e .  

Though t h e  t w o  i n d i c e s  d i f f e r  w i d e l y  i n  t h e i r  d e r i v a t i o n s  and  

r e p r e s e n t  m a g n e t i c  f i e l d s  produced by c u r r e n t s  f l o w i n g  i n  so d i f f e r e n t  

altitudes, the curves in Figure 2 f o r  these  indices are r e m a r k a b l y  

Major Dst c h a n g e s  are accompanied by l a r g e  v a r i a t i o n s  of n e a r l y  

magn i tude .  C o r r e l a t i o n  c a n  o f t e n  be seeri between s e c o n d a r y  p e a k s  

and  t h o s e  I n  x. 

* 
p a r a 1  l e l .  

e q u a l  

i n  D s t  
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It  i s  u n c e r t a i n  how far t h e  d e t a i l s  o f  o u r  D s t  are due  t o  DS t h a t  

i s  n o t  c o m p l e t e l y  e l i m i n a t e d .  

m i n o r  c h a n g e s  end  i r r e g u l a r i t i e s  in o u r  D s t  are d u e  t o  D!3 n o t  b e i n g  a v e r a g e d  

out. 

However, i t  i s  v e r y  u n l i k e l y  t h a t  a l l  t h e  

T h e r e  is a t e n d e n c y  f o r  9 to r e c o v e r  more r a p i d l y  t h a n  D s t  a f t e r  

T h i s  means t h a t  i n  a m a g n e t i c  storm, p o l a r  d i s t u r b -  a m a g n e t i c  storm. 

a n c e  d i e s  away more q u i c k l y  t h a n  d o e s  t h e  r i n g  c u r r e n t .  

8 .  A Remark on t h e  I n d u c t i o n  i n  t h e  E a r t h  and i n  t h e  I o n o s p h e r e  

If e m a g n e t i c  f i e l d  v a r y i n g  w i t h  time i s  a p p l i e d  t o  t h e  e a r t h ,  
* 

t h e  m a g n e t i c  i n d u c t i o n  w i t h i n  t h e  c o n d u c t i n g  e a r t h  w i l l  modi fy  t h e  

a p p l i e d  f i e l d .  

m a g n i t u d e  of t h e  e f f e c t  d e p e n d s  on t h e  t i m e  scale o f  t h e  a p p l i e d  f i e l d .  

The e f fec t  i s  t o  i n c r e a s e  t h e  v a r i a t i o n  i n  H ,  and t h e  

S i n c e  D s t  i n v o l v e s  v a r i a t i o n s  w i t h  p e r i o d s  of wide r a n g e ,  

of t h e  m a g n e t i c  i n d u c t i o n  in t h e  e a r t h  c a n n o t  be a c c u r a t e  

by a s i m p l e  method. 

The e a r t h ,  t o  some d e g r e e ,  i s  s h i e l d e d  by t h e  i o n o s p  

t h e  e f f e c t  

y e s t i m a t e d  

ere f rom v a r y i n g  

m a g n e t i c  f i e l d s  p roduced  by s o u r c e s  e x t e r n a l  to  t h e  i o n o s p h e r e .  T h i s  

s h i e l d f n g  e f fec t  d e p e n d s  on t h e  ra te  of c h a n g e  of t h e  a p p l i e d  m a g n e t i c  

f i e l d .  

To deduce t h e  m a g n e t i c  f i e l d  o f  a r i n g  c u r r e n t  f rom o u r  D s t  v a l u e s  

a p p r o p r i a t e  c o r r e c t i o n s  must be made for  t h e  i n d u c e d  m a g n e t i c  f i e l d s .  

/ t 
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